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FINAL  ENGINEERING  REPORT 
SIGNAL  CORPS  BATTERY  CHARGING  SYSTEM  PP2386 


REFERENCES:  1.  SPECIFICATION  SCL-1833 

2.  APPENDIX  A  -  VIBRATION  TEST  REPORT 

3.  APPENDIX  B  -  HANDBOOK 

4.  APPENDIX  C  -  COST  REDUCTION  SUGGESTIONS 


GENERAL: 

For  a  complete  discussion  of  the  system  see  Appendix  B. 


PREVIOUS  HISTORY: 

This  covers  the  time  period  from  the  awarding  of  the  contract  to  the  delivery 
of  the  first  prototype  to  Signal  Corps. 

Following  are  the  major  ammendments  and  additions  to  SCL-1833  agreed  to  by 
Signal  Corps  and  Sorensen: 

A*  The  magamp  circuitry  would  be  the  bridge  type  rather  than  the 
doubler  type. 

B.  Air  switches  rather  than  thermostatic  switches  would  be  used. 

C.  Shielded  bearings  with  Beacon  grease,  Esso  Std.  per  MIL-G-3278 
shall  replace  the  silicone  lubricated  sealed  ball  bearings  in  the 
blower  motor. 

D.  A  100  amp  output  breaker  with  suitable  shunt  to  be  used  since 
200  AMP  breakers  were  not  available. 

E.  The  only  precaution  taken  against  acid  and  acid  fumes  to  be  acid- 
resistant  paint. 

F.  Ripple  to  be  1#  RMS  max.  and  to  be  met  only  at  normal  room  ambient. 

G.  Circuit  stability  over  the  temperature  'range  to  be  ±  for  a  20°C 
change  with  line,  load,  and  frequency  held  constant. 

The  first  prototype  delivered  to  Signal  Corps  incorporated  or  met  all  of  the 
above  requirements. 


CUKRENT  HISTORY: 


This  covers  the  time  period  from  the  delivery  of  the  first  prototype  to  the 
delivery  of  the  three  production  units  in  July  1961. 


-2- 


Jul v  20;  1961 


CJM-32 

Final  Engineering  Report 
Signal  Corps  Battery  Charging 
System  PP2386 

Contract  XDA-36-039-SC78058 


After  reviewing  and  testing  the  first  prototype;  Signal  Corps  informed 

Sorensen  of  the  redesign  necessary  to  make  the  unit  comply  with  the  specifications. 

Included  with  this  was  a  list  of  minor  mechanical  modifications  Signal  Corps 

DESIRED  INCLUDED  IN  THE  UNIT.  UPON  REVIEWING  THE  ENGINEERING;  SORENSEN  INITIATED 
A  NUMBER  OF  CHANGES  WHICH  WERE  APPROVED  BY  SIGNAL  CORPS,  ALL  OF  THESE  CHANGES 
WERE  INCORPORATED  IN  THE  THREE  PRODUCTION  UN  I TS  DE U VERED  TO  SIGNAL  CORPS  IN 

June  of  1961.  Following  is  a  description  of  the  changes: 

A.  Input  Transformer  - 

The  first  prototype  transformer  had  an  excessive  temperature  RISE  OF  140°C. 
This;  plus  an  ambient  of  55°C;  gives  a  maximum  temperature  of  195°C.  Inves¬ 
tigation  showed  THAT  SUFFICIENT  REDUCTION  IN  TEMPERATURE  RISE;  to  meet 
MIL-T-27,  Class  T  requirements  (170°C  max.);Could  not  be  realized  using  the 

EXISTING  CORE.  THE  NEXT  LARGER  CORE  WAS  GREATER  IN  SIZE  THAN  NECESSARY. 

IT  WAS  DECIDED;  IN  VIEW  OF  THE  10;000  HOUR  LIFE  REQUIREMENT,  TO  USE  THE  FULL 
POTENTIAL  OF  THE  OORE }  AND  THIS,  ALONG  WITH  EXTRA  VENTING  OF  THE  BASE  PLATE 
TO  RELIEVE  HOTSPOTS,  RESULTED  IN  A  GOOD  CONSERVATIVE  DESIGN.  THE  FINAL 
TRANSFORMER  MEETS  ALL  THE  REQUIREMENTS  OF  MIL-T-27,  GRADE  6,  CLASS  T,  TESTS 
ON  THE  NEW  UNIT  GAVE  THE  FOLLOWING  RESULTS: 

Temperature  Rise  80°C  max. 

Plus  Ambient  55°C 

Max.  Temperature  135°C 


B.  Magamp  Inductors  - 

The  temperature  rise  on  the  prototype  magamps  was  100°C.  The  design, 
THEREFORE,  WAS  CHANGED  FROM  MIL-T-27,  CLASS  S,  (l30°C  MAX.)  TO  MIL-T-27, 
Class  T  (170°C  max.) . 

C.  The  Base  of  the  power  supply  was  redesigned  to  meet  the  vibration  spec., 

AND  ALSO  TO  ACCOMMODATE  THE  LARGER  TRANSFORMER.  THE  BASIC  DESIGN  WAS 

retained,  but  the  material  was  increased  in  thickness.  Crossmembers  were 

ADDED  FOR  STIFFENING,  AND  U-BRACKETS  WERE  PLACED  UNDER  THE  MOUNTING  LIPS 
TO  STRENGTHEN  THEM.  100$  STRENGTH-WELDING  WAS  USED  THROUGHOUT. 

Tests  on  the  base  plate,  with  all  wound  components  mounted  to  it,  were 
PERFORMED  BY  YORK  RESEARCH  CORP  .  OF  STAMFORD,  CONN  ,  A  COPY  OF  THEIR 
RESULTS  IS  INCLUDED,  AS  APPENDIX  A,  WITH  THIS  REPORT. 

D.  Structural  Skins  were  reviewed  using,  as  a  guide,  the  reports  on  the 

VIBRATION  TESTS  OF  THE  PROTOTYPE.  STRENGTHENING  AND  STIFFENING  MEMBERS 
WERE  ADDED  WHEREVER  IT  WAS  NECESSARY  TO  ENSURE  COMPLIANCE  WITH  THE 
VIBRATION  SPECIFICATIONS, 


E.  Toggle  Switches  were  changed  to  M.S.  type. 


-3 


July  20,  1961 


CJM-32 

Final  Engineering  Report 
Signal  Corps  Battery  Charging 
System  PP2386 

Contract  XDA-36-039-SC78058 


F.  Stainless  steel  hardware  was  used  throughout  the  system* 

G.  The  writing  table  was  strengthened  by  the  addition  of  two  support 
brackets;  one  placed  on  either  side  of  the  power  supply  opening. 

H.  The  writing  table  lamp  was  mounted  on  an  extended  bracket  and  faced 

INWARD  TO  AVOID  GLARE  IN  THE  OPERATOR^  EYES. 

!.  The  output  terminals  were  spaced  further  apart,  and  the  door  enclosing 

THEM  WAS  ENLARGED,  TO  ALLOW  BETTER  WRENCH  MANIPULATION. 

J.  Grommet  mater i al  was  added  to  all  rough  surfaces  where  there  was  a 

DANGER  OF  ABRADING  THE  WIRES, 

K.  The  cables  were  arranged  for  less  stress,  and  for  neater  connection  to 
the* terminal  stri PS. 

L.  The  terminal  strips  were  mounted  with  four  screws  instead  of  two,  and 
insulated  marking-strips  were  used  beneath  them. 

M.  Soldered  connections  were  treated  with  anti -fungi cidal  varnish  over  the 
complete  joint  and  exposed  portion  of  the  wires. 

N.  F i ni shes  were  checked  to  make  certain  they  were  in  accord  with  MIL-F-4072. 
The  one  exception  to  the  MIL  requirement  is  the  external  acid  resistant 
paint.  Special  attention  was  paid  to  the  capacitor  and  resistor  mounting 

BRACKETS.  THE  FINISHES  USED  ORIGINALLY  ON  THESE  PARTS  MEET  ALL  THE  REQUIRE¬ 
MENTS  of  the  Mil  Specs.,,  and  past  Sorensen  experience  shows  that  they  are 

MORE  THAN  ADEQUATE.  HOWEVER,  THE  BRACKETS  ARE  PURCHASED,  STRIPPED,  AND 
REFINISHED,  AND  DIFFICULTIES  HAVE  BEEN  EXPERIENCED  IN  THE  PAST  BECAUSE  OF 
POOR  STRIPPING  TECHNIQUES.  SINCE  THEN,  THIS  TROUBLE  HAS  BEEN  COMPLETELY 

eliminated. 

O.  The  acid  resistant  paint  used  on  the  prototype  is  obsolete.  The 
manufacturer  assured  Sorensen  that  the  new  paint  is  equal  or  superior  to 

THE  OLD,  AND  THAT  COLOR-MATCHING  IS  NO  PROBLEM. 

P.  The  thermistors  are  encapsulated  with  "cycleweld"  rather  than  "green  glaze" 

AS  ORIGINALLY  REQUESTED  BY  SIGNAL  CORPS.  THE  MANUFACTURER  INFORMED  US  THAT 
"GREEN  GLAZE"  IS  NOT  COMPATIBLE  WITH  THE  MATERIAL  IN  THE  THERMISTORS  WE  ARE 

using.  They  further  stated  that  "cycleweld"  will  meet  all  the  requirements 
of  the  temperature  and  humidity  specs. 

Q.  The  blower  motor  bearings  were  changed  to  shielded  bearings  using  Texaco  500 

LUERICANT.  THIS  WAS  A  RECOMMENDATION  FROM  THE  MANUFACTURER;  PRIOR  APPROVAL' 
WAS  OBTAINED  FROM  SIGNAL  CORPS. 
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R.  The  output  circuit  breaker  in  the  power  supply  was  changed  to  a  200  ampere 
unit.  Because  200  ampere  breakers  were  not  available  at  that  time,  the 

PROTOTYPE  WAS  SUPPLIED  WITH  A  100  AMPERE  UNIT  AND  SUITABLE  SHUNTS.  SINCE 
THEN  200  AMPERE  BREAKERS  HAVE  BECOME  AVAILABLE,  AND  BECAUSE  OF  THEIR  GREATER 
SIMPLICITY  AND  RELIABILITY,  IT  WAS  DECIDED  TO  USE  THEM. 

S.  Pilot  lites  on  stations  11  &  12  were  rewired  to  prevent  their  dimming  on 

CONSTANT  CURRENT  CHARGI NG. 

T.  The  voltmeter  pushbutton  switches  on  stations  11  &  12  were  changed  to 

D.P.D.T.  TYPES.  T+IIS,  ALONG  WITH  REWIRING,  WAS  DONE  TO  PREVENT  THE 
ACCIDENTAL  DISCHARGE  OF  A  CONSTANT  POTENTIAL  STATION  INTO  A  LOWER  VOLTAGE 
CONSTANT  CURRENT  STATION  THROUGH  THE  COMMON  VOLTMETER  CIRCUITRY. 
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ADMINISTRATIVE 

DATA 

Test  Report  No ,  : 

ET-1301 

Cl i ent: 

Sorensen  &  Company 

Richards  Avenue 

South  Norwalk,  Connecticut 

Unit  Tested: 

One  Battery  Charger  Base  Plate 

Spec i f i cat i ons: 

SCL-1833 

Purpose  of  Test: 

To  determine  if  any  resonant 
frequencies  below  55  cycles  per 
second  are  present* 

Security  Classification: 

None 

Purchase  Order  No . : 

61 10-70-7812 

Date  Test  Completed: 

October  11,  i960 

Test  Conducted  by: 

York  Research  Corporation 

One  Research  Drive 

Stamford,  Connecticut 

Disposition  of  Specimen: 

Returned  to  client 

York  Research  Corporation 
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VIBRATION  TEST 


Procedure: 

The  Battery  Charger  Base  Plate 

AS  RECEIVED  FROM  SORENSEN  &  COMPANY, 

Inc.,  was  mounted  on  the  vibration 

FIXTURE  PLATE.  THE  FIXTURE  AND  UNIT 
WERE  THEN  CHECKED  AND  THE  CENTER  OF 
GRAVITY  ESTABLISHED  IN  EACH  OF  THE 
THREE  PLANES.  FOLLOWING  THIS  IT 
WAS  MOUNTED  BY  THE  SUSPENSION  METHOD 
IN  ITS  NORMAL  MOUNTING  POSITION  AND 
IN  TURN  CONNECTED  TO  THE  VIBRATION 
TABLE  WITH  A  DRIVE  ROD.  ThE  UNIT 
WAS  VIBRATED  SUCCESSIVELY  IN  THREE 
MUTUALLY  PERPENDICULAR  DIRECTIONS, 
WHICH  WERE  RESPECTIVELY  PARALLEL 
TO  THE  EDGES  OF  THE  UNIT  FROM  10  TO 

55  cps.  The  frequency  range  from 
10  TO  55  CPS  WAS  TRAVERSED  BY  HAND 
AT  1  CYCLE  PER  SECOND  INCREMENTS  WITH 
A  CONSTANT  TOTAL  EXCURSION  OF  0.0156 
INCH.  IN  THE  FREQUENCY  RANGE  FROM 
10  TO  55  CPS,  A  FREQUENCY  WAS  USED 
ONLY  LONG  ENOUGH  TO  DETERMINE  WHETHER 
A  RESONANCE  WAS  PRESENT.  A  STROBOTAC 
WAS  USED  TO  DETECT  RESONANCE. 


Results: 

No  RESONANCES  BELOW  55  CYCLES  PER 
SECOND  WERE  DETECTED.  AlSO  THERE 
WAS  NO  EVIDENCE  OF  PHYSICAL  DAMAGE 
TO  THE  UNIT  AS  A  RESULT  OF  THE 
ABOVE  TEST. 
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I  •  SYSTEM  GENERAL 


Description 


The  system  is  composed  or  three  assemblies  •  the  power  supply,  the  control 

AND  DISTRIBUTION  PANEL,  AND  TWELVE  BATTERY  CHARGING  STATIONS  —  ARRANGED 
WITHIN  A  12  FT,  BY  4  FT,  RECTANGLE,  THE  POWER  SUPPLY  AND  CONTROL  PANEL  FORM 
ONE  4  FT,  END,  AND  THE  TWELVE  STATIONS  ARE  ARRANGED,  SIX  PER  SIDE,  ALONG 
THE  12  FT#  LENGTH,  THE  OVERALL  SYSTEM  HEIGHT  IS  5  FT,  (APPROX,). 

The  power  supply  is  a  self  contained,  regulated  unit  mounted  on  casters, 

AND  CAN,  THEREFORE,  BE  USED  FOR  PURPOSES  OTHER  THAN  BATTERY  CHARGING,  THE 
OUTPUT  OF  THE  SUPPLY  IS  24  TO  32  VOLTS  D.C.  AT  0  TO  200  AMPERES  D.C,  It 
FITS  INTO  A  CUTOUT  IN  THE  CONTROL  AND  DISTRIBUTION  PANEL,  TO  WHICH  IT  CAN 
BE  MECHANICALLY  FASTENED. 

The  OUTPUT  OF  the  supply  is  fed  to  the  control  and  distribution  PANEL  AND 

FROM  THERE  TO  THE  TWELVE  CHARGING  STATIONS.  THE  CONTROL  PANEL  CONTAINS 
FACILITIES  FOR  ADJUSTING  AND  MONITORING  THE  VOLTAGE  AND  CURRENT  TO  EACH 
STATION, 

CAPABI LITI ES 


Simultaneous  charging  of  twelve  24  volt  batteries  within  an  8  to  12  hour 

PERIOD  UNDER  a  NORMAL  AMBIENT  TEMPERATURE  OF  20°C ,  (A  24  VOLT  BATTERY  IS 
DEFINED  AS  ANY  BATTERY,  OR  BATTERIES  SERIES  CONNECTED,  HAVING  A  NOMINAL 
■VOLTAGE  OF  24,  AND  A  CAPACITY  OF  150  AMPERE-HOURS  AT  THE  20  HOUR  RATE.) 


Chargi ng  Methods 

Modified  constant  potential  method  -  stations  1  to  10 

Modified  constant  potential  method 

AND  -  STATIONS  11  AND  12 


Constant  current  method 
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II .  PCWER  SUPPLY  SPEC! r I  CATIONS 
Type 
Input 
Voltage 
Phase 
Frequency 
Input  Current 


magnetic  amplifier 

200  TO  253  volts  a.c.  RMS.  L-i 
3 

60  cps.  ±  5# 

40  AMPS  PER  LINe(mAX.) 


Output 

Voltage 

Current 

Ripple 

Regulation 


Stability 

Response  Time 


Operating  Temperature  Range 


24  to  32  volts  d.c. 

0  TO  200  AMPERES  D.C. 

0.32  VOLTS  RMS.  MAX.  FOR  RESISTANCE 
LOAD  OVER  THE  VOLTAGE  AND  CURRENT 
RANGE  SPECIFIED. 

±  1.0#  MAX.  THROUGHOUT  THE  SPECIFIED 
VOLTAGE  RANGE  FOR  THE  MAXIMUM  SIMUL¬ 
TANEOUS  VARIATION  OF  LINE  VOLTAGE, 

LINE  FREQUENCY,  AND  LOAD  CURRENT. 

±  1.0#  FOR  A  20°C  CHANGE  WITH  LINE, 

LOAD,  AND  FREQUENCY  HELD  CONSTANT. 

0.1  SECONDS  MAX.  (63#  RECOVERY  OF 
MAXIMUM  EXCURSION  FOR  A  ±  5#  LINE 
CHANGE  AND  ANY  LOAD  CHANGE  BETWEEN 
0  AND  FULL  LOAD) . 

0  TO  132°F  CONTINUOUS 
Exposure  at  high  temperature  extreme  not 
TO  EXCEED  4  HOURS.  EXPOSURE  AT  LOW 
TEMPERATURE  EXTREME  NOT  TO  EXCEED  72  HOURS 


■  p.r 

i  ij  .  '  * 

V*'" 
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III.  PRINCIPLES  OF  OPERATION 


1 .  Power  Supply 

1.1  Preliminary  Explanation  (Refer  to  Block  Diagram  Fig.  1  ) 

Unregulated  three  phase  AC  is  applied  to  the  input  transformer. 

The  transformer  steps  the  voltage  down  and  applies  it  to  the  magnetic 

AMPLIFIERS  WHICH  ACT  AS  VARIABLE  IMPEDANCE  DEVICES.  THE  OUTPUT  OF 
THE  MAGNETIC  AMPLIFIERS  IS  RECTIFIED  BY  A  THREE  PHASE  BRIDGE  CIRCUIT, 
AND  THEN  PASSED  THROUGH  A  FILTERING  STAGE  TO  THE  OUTPUT  TERMINALS 
OF  THE  SUPPLY. 

Regulation  of  the  DC  output  voltage  is  accomplished  by  comparing 

THE  OUTPUT  TO  A  VOLTAGE  REFERENCE  (POWER  REFERENCE).  THE  DIFFERENCE 
BETWEEN  THE  TWO  VOLTAGES  IS  FED  BACK  AS  AN  ERROR  SIGNAL  TO  THE 
MAGNETIC  AMPLIFIERS.  THE  IMPEDANCE  OF  THE  MAGNETIC  AMPLIFIERS  IS 
A  FUNCTION  OF  THE  ERROR  SIGNAL,  AND  THE  DC  OUTPUT,  IN  TURN,  IS 
DEPENDENT  UPON  THE  IMPEDANCE  OF  THE  MAGNETIC  AMPLIFIERS.  THE  WHOLE 
CIRCUIT  FORMS  A  SE LF - COR R E C T I NG  FEEDBACK  LOOP  THAT  KEEPS  THE  DC 
OUTPUT  VOLTAGE  CONSTANT. 

1.2  Magnet i c  Ampl i f i ers  (Refer  to  Simplified  Schematic  Fig.  2  ) 

A  DETAILED  EXPLANATION  OF  THE  THEORY  OF  MAGNETIC  AMPLIFIERS  IS 
BEYOND  THE  SCOPE  OF  THIS  MANUAL.  In  SIMPLE  TERMS,  HOWEVER,  THE 
AC  WINDINGS  ON  THE  MAGNETIC  AMPLIFIER  MAY  BE  CONSIDERED  TO  ACT 
AS  "GATES"  WHICH  OPEN  AT  SOME  TIME  DURING  THE  HALF-CYCLE  .THAT  THE 
RECTIFIERS  CR3  ALLOW  CONDUCTION.  UNTIL  THE  GATE  OPENS,  NO  CURRENT 
flows.  After  the  gate  opens,  current  flows  and  is  restricted  only 

BY  THE  IMPEDANCE  OF  THE  LOAD  CIRCUIT.  THE  AVERAGE  CURRENT,  AND 
HENCE  THE  VOLTAGE,  IS  CONTROLLED  BY  THE  FRACTION  OF  THE  HALF-CYCLE 
PERIOD  THAT  THE  GATE  IS  OPEN.  FOR  EXAMPLE,  IF  THE  INPUT  VOLTAGE  IS 
REDUCED,  THE  CURRENT  FLOW  DURING  THE  CONDUCTION  PERIOD  WILL  BE 
REDUCED,  THEREFORE,  THE  GATE  MUST  BE  OPENED  EARLIER  TO  MAINTAIN  THE 
SAME  OUTPUT  VOLTAGE. 

The  "gating"  action  results  from  the  change  in  the  AC  winding  from 

A  HIGH  TO  A  LOW  IMPEDANCE  AT  THE  MOMENT  THE  CORE  SATURATES.  In 

THE  UNSATURATED  CONDITION  THE  AC  WINDING  IS  INDUCTIVE  AND  PRESENTS 

A  LARGE  REACTIVE  IMPEDANCE  TO  THE  AC  VOLTAGE  ( GATE  SHUT  ) ,  WHEN 

THE  CORE  IS  SATURATED,  HOWEVER,  IT  CAN  NO  LONGER  SUPPORT  THE  INDUCTIVE 

EFFECT  AND  THE  IMPEDANCE  OF  THE  AC  WINDING  DROPS  PRACTICALLY  TO 

ZERO  (GATE  OPENED).  THE  POINT  ON  THE  AC  HALF-CYCLE  AT  WHICH  THE 

CORE  SATURATES  (FIRING  POINT)  IS  CONTROLLED  BY  THE  CURRENT  IN  THE 

DC  winding.  Adding  control  ampere-turns  with  the  same  polarity  as 

THE  POWER  AMPERE-TURNS,  AS  DETERMINED  BY  THE  RECTIFIERS  CR3,  WILL 
ADVANCE  THE  FIRING  POINT  CAUSING  AN  INCREASE  IN  THE  OUTPUT  VOLTAGE. 

Conversely  reducing  the  control  ampere-turns  will  retard  the  firing 

POINT,  THEREBY  DECREASING  THE  OUTPUT  VOLTAGE. 
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1 .3  Control  Circuit 


The  output  of  the  unit  is  compared  directly  to  a  reference  through 

THE  CONTROL  WINDINGS  OF  THE  MAGNETIC  AMPLIFIERS^  ANY  CHANGE  IN  THE 
OUTPUT  VOLTAGE;  DUE  TO  LINE  OR  LOAD  CHANGES,  PRODUCES  AN  "ERROR" 
VOLTAGE  ACROSS  THE  CONTROL  WINDINGS.  THIS  VOLTAGE  CAUSES  A  CURRENT 
FLOW  WHICH  CHANGE 3  THE  FIRING  POINT  OF  THE  MAGNETIC  AMPLIFIERS,  THUS 
CORRECTING  FOR  THE  CHANGE  IN  OUTPUT  »  THE  DEGREE  OF  CORRECTION,  AND 
HENCE  THE  REGULATION  ACCURACY,  IS  DETERMINED  BY  THE  GAIN  OF  THE 
MAGNETIC  AMPLIFIER  CORE,  THE  WINDINGS,  AND  THE  REGULATION  ACCURACY 
OF  THE  REFERENCE. 


1,4  Power  Reference  (Refer  to  Power  Reference  Schematic  Fig.  3  ) 

The  reference  for  the  power  supply  is  a  series  transistor  voltage 

REGULATOR.  THE  ULTIMATE  REFERENCE  SOURCE,  HOWEVER,  IS  THE  SILICON 
DIODE,  CR2,  OPERATED  IN  ITS  ZENER  OR  REVERSE  CURRENT  REGION.  UNDER 
THIS  CONDITION,  A  CONSTANT  VOLTAGE  WILL  APPEAR  AT  THE  TERMINALS  OF 
THE  DIODE  AS  THE  CURRENT  VARIES  WITHIN  CERTAIN  LIMITS.  CR2  IS  IN 
ONE  ARM  OF  A  BRIDGE  CIRCUIT  WITH  R7  THROUGH  13  FORMING  THE  OTHER  THREE 
ARMS.  THE  BRIDGE  IS  ARRANGED  SO  THAT  ANY  CHANGE  IN  THE  OUTPUT  VOLTAGE 
WILL  RESULT  IN  A  CHANGE  IN  THE  EMITTER-BASE  CIRCUIT  OF  Q4. 

The  signal  between  the  emitter-base  of  Q4  is  amplified,  in  turn,  by 
transistor  Q4,  Q3  and  Q2  and  then  applied  to  THE  BASE  OF  THE  POWER 
TRANS1 STOR  Q1 , 

The  power  transistor  Q1  regulates  the  output  of  the  "power  reference" 

BY  VARYING  THE  VOLTAGE  DROP  FROM  ITS  EMITTER  TO  COLLECTOR  IH  ACCORDANCE 
WITH  THE  AMPLIFIED  FEEDBACK  SIGNAL  APPLIED  TO  ITS  BASE.  Q1  IS  IN 
SERIE3  WITH  AN  AUXILIARY  POWER  SUPPLY  CONSISTING  OF  T2,  CR1  AND  Cl. 

This  supply  is  connected  to  the  input  power  line,  The  negative  side 

OF  THE  AUXILIARY  SUPPLY  IS  CONNECTED  TO  THE  POSITIVE  SIpE  OF  THE 
MAIN  SUPPLY  TO  REDUCE  THE  POWER  LOSS  IN  Q1 . 

R9  AND  10  ARE  NEGATIVE  TEMPER  AT4JRE  COEFFICIENT  RESISTORS  WHICH  ARE 
USED  TO  COUNTER  BALANCE  THE  POSITIVE  COEFFICIENT  OF  THE  REMAINDER  OF 
THE  CIRCUIT. 

Compensation  for  input  line  voltage  changes  is  accomplished  in  the 
"power  reference"  by  applying  voltage  from  the  auxiliary  power  supply 
TO  THE  EMITTER  OF  Q4  THROUGH  RESISTOR  R4  AND  R5. 


MAG,.  AMPLIFIER 
DC  WINDINGS. 
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Control  and  Distribution  Panel  (Refer  to  Schematic  Control  and 
Distribution  Panel  Fi  g.  4  ) 


2 . 1  Constant  Potential  Charging 

The  schematic  of  the  control  panel  is  self-explanatory.  The  input 

FROM  THE  POWER  SUPPLY  IS  DIVIDED  INTO  TWELVE  SEPARATE  CHANNELS 
FEEDING  THE  TWELVE  CHARGING  STATIONS.  ALL  THE  CHANNELS  ARE  EXACTLY 
ALIKE  FOR  CONSTANT  POTENTIAL  CHARGING.  EACH  HAS  THE  FOLLOWING 
EQUIPMENT  MOUNTED  ON  THE  PANEL. 

a.  Circui t  Breaker  -  40  ampere,  for  overcurrent  protection  and 

manual  on-off  switching. 

b.  Current  Shunt  -  50  ampere 

c.  Push button -Ammeter  -  To  connect  the  ammeter  to  the  station 

SHUNT. 

d.  PusHBUTtoN -Voltmeter-  To  connect  the  voltmeter  to  the  station, 

e.  Pi  lot  Li ght  -  Red,  which  indicates  station  energized 

2.2  Constant  Current  Charging 

Stations  11  and  12  have  added  facilities  for  constant  current  charging. 
The  switch-over  from  constant  potential  to  constant  current  charging 
IS  accomplished  by  S25.  S27  IS  a  rotary  switch  that  switches  in 

RESISTORS  TO  ADJUST  FOR  THE  VOLTAGE  OF  THE  BATTERY  UNDER  CHARGE.  THERE 
ARE  FOUR  POSITIONS  —  6,  12,  18  AND  24  VOLTS,  THE  2  OHM  POTENTIOMETER 

ADJUSTS  the  CHARGING  CURRENT  TO  THE  DESIRED  VALUE  BETWEEN  5  AND  7  AMPS. 

CAUTION:  Do  not  exceed  7  amps  on  constant  current  charging. 
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IV.  INSTALLATION 


The  system  is  shipped  in  pour  separate  sub-assemblies: 

1  .  Stations  1  thru  6 

2.  Stations  7  thru  12 

3.  Control  &  Distribution  Panel 

4.  Power  Supply 

An  assembly  drawing  and  wiring  diagram  are  included  with  the  manual  for 
assembly  and  hookup  of  the  charging  stations  to  the  control  panel 
(Fig.  5  &.  6)  .  It  is  advisable  to  check  correctness  of  stations  to  panel 

WIRING  BEFORE  CONNECTING  POWER  SUPPLY  *  THE  FOLLOWING  PROCEDURE  |S 

suggested: 

1.  Switch  all  circuit  breakers  on  panel  to  off. 

2.  Switch  toggle  switches,  under  headings  "POS-11"  and  "POS-12"  to 

UP  OR  CONSTANT  POTENTIAL  POSITION. 

3.  Connect  ohmmeter  across  terminals  El  and  E2  on  Control  Panel. 

4.  Place  shorting  jumper  across  plus  (+)  and  minus  (-)  terminals 
at  Station  #1 . 

5.  Throw  Station  #1  circuit  breaker  on. 

6.  Ohmmeter  should  read  0.2  ohms  (approximate). 

7.  Follow  procedure  in  steps  4  thru  6  on  Stations  2  thru  12. 

The  power  supply  is  a  self-contained  unit  mounted  on  casters.  It  fits 
into  a  cutout  jn  the  control  panel  to  which  it  is  mechanically  fastened. 
Two  flanges  mounted  beneath  the  base  on  each  side  of  the  supply  engage 
similar  flanges  on  the  panel.  The  flanges  are  bolted  together  to  secure 
the  supply.  ’ 


External  Connections  (Power  Supply) 

All  external  connections  to  the  power  supply  are  made  to  a  board 

located  behind  a  door  on  the  upper  right  of  the  rear  panel.  The  recommended 

WIRE  SIZE  AND  ROUTING  ARE  SHOWN  IN  FlG.  7. 

NOTE:  The  terminal  marked  "GRDm  on  TB4  is  provided  for  grounding  the 
input  if  desired. 
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V.  OPERATING  INSTRUCTIONS 

1 .  Power  Supply 

1 . 1  Starting-Up  Procedure 

Refer  to  front  panel  sketch  Fig.  8. 

1.  Make  certain  output  circuit  breaker  (CB2)  is  switched  to  on. 
The  load  should  be  disconnected  for  the  preliminary  start-up, 
but  DO  NOT  OPEN  LOAD  CIRCUIT  BY  ITCHING  CB2  TO  OFF.  Unit 

WILL  NOT  OPERATE  WITH  CB2  OFF, 

2.  Press  start  button  (PBl)  and  hold  in. 

3.  Switch  input  circuit  breaker  CBl  to  on. 

4.  Hold  start  button  in  until  blower  comes  up  to  speed. 

5.  Release  start  button.  If  input  circuit  breaker  (CBl)  kicks 

OFF,  THE  INPUT  IS  PHASED  WRONG  CAUSING  THE  BLOWER  TO  RUN 
BACKWARDS*  INTERCHANGE  ANY  TWO  INPUT  CONNECTIONS  ONTB4. 

Repeat  2  to  4. 

NOTE;  Tripping  of  input  circuit  breaker  can  also  be  caused 

BY  A  FAULT  CONDITION.  SEE  TROUBLE  SHOOTING  CHART  ON 
PAGE  23. 

1 .2  Cooling 

A  BLOWER  IS  USED  TO  PROVIDE  FORCED  AIR  COOLING.  CARE  SHOULD  BE 
TAKEN  TO  INSURE  THAT  AIR  FLOW  IS  NOT  RESTRICTED.  Restricted  air 

FLOW  MAY  CAUSE  EXCESSIVE  HEATING  RESULTING  IN  SERIOUS  DAMAGE  TO 
VARIOUS  COMPONENTS,  PARTICULARLY  THE  SILICON  RECTIFIERS. 

1 .3  Protective  Devices 


Fuse 

The  fuse  (Fl)  located  on  the  front  panel  is  for  the  protection  of 

THE  POWER  REFERENCE  CIRCUIT.  THE  FUSEHOLDER  15  THE  INDICATING 
LAMP  TYPE  WHICH  LIGHTS  WHEN  THE  FUSE  IS  BLOWN. 

OVERCURRENT 

Input  -  The  power  supply  is  protected  from  overcurrent  in 

THE  INPUT  CIRCUITS  BY  A  THREE  PHASE  CIRCUIT  BREAKER  (CBl). 

Output  -  Protection  from  overcurrent  in  the  output  of  the  supply 

IS  PROVIDED  BY  A  CIRCUIT  BREAKER  ( CB2)  WHICH  ACTS  TO 
REMOVE  THE  INPUT  TO  THE  UNIT  BY  TRIPPING  CBl.  BOTH 
CIRCUIT  BREAKERS  ARE  MOUNTED  ON  THE  FRONT  PANEL 

(see  Fig.  8  )  . 
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Fan  F a i lure: 


An  air  switch  is  mounted  in  each  leg  of  the  blower.  When  the 

AIR  FLOW  DROPS  BELOW  A  CERTAIN  VALUE,  THE  SWITCHES  OPEN,  TRIPPING 
CB1  AND  THEREBY  REMOVING  THE  INPUT  POWER  TO  THE  SUPPLY. 

1 .4  Voltage  Control 

A  knob  on  THE  front  panel  is  provided  to  give  continuous  variation 
of  output  voltage  from  24  to  32  volts. 

1  .5  External  Sensing 

The  power  supply  is  provided  with  facilities  for  remote  sensing. 

The  connections  are  made  at  the  back  panel  toTB5(see  Fig.7). 

The  unit  is  shipped  withTB5  connected  for  internal  sensing  as  sho*n 
in  Fig. 9a.  F i gure  9b  shows  the  connections  for  external  sensing, 

AND  FlG.9c  shows  THE  PROPER  CONNECTIONS  TO  THE  LOAD, 

•i  ^ 

MOTES 

1.  Be  sure  that  sensing  LEADS  are  CONNECTED  to  THE  PROPER  polarity. 

2.  The  deterioration  of  regulation  with  resistance  of  the  sensing 
leads  is  approximately  0.1$  PER  0,1  OHM. 


2 .  Control  and  Distribution  Panel 
2.1  Panel  Layout  (See  Fig.  10) 

The  toggle  switch  on  the  extreme  left  of  the  panel  labeled  "LAMP" 

IS  FOR  THE  DESK  LAMP. 

The  panel  is  divided  roughly  in  half.  The  left  side  contains  the 

VOLTMETER  AND  AMMETER  AND  A  PILOT  LIGHT,  CIRCUIT  BREAKER,  VOLTMETER 
PUSH3UT  TON ,  AND  AMMETER  PUSHBUTTON  FOR  EACH  STATION.  THE  EQUIPMENT 
ASSOCIATED  WITH  EACH  STATION  IS  ARRANGED  IN  A  COLUMN  AND  THE  COLUMNS 
ARE  LABELLED  "STATION  1  THROUGH  12". 

On  the  right  side  of  the  panel,  under  the  headings  "POS.  11"  and 

"POS.  12"  ARE  THE  CONTROLS  FOR  CONSTANT  CURRENT  CHARGING  ON  STATIONS 
11  AND  12. 
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2.2  Constant  Potential  Charging 

CAUTION;  ONLY  24  VOLT  BATTERIES  MAY  BE  CHARGED  BY  THE  CONSTANT 
POTENTIAL  METHOD. 


It  is  suggested  that  the  following  procedure  be  followed; 

1 .  DO  NOT  CONNECT  BATTERY  TO  A  STATION  THAT  IS  ENERGIZED. 

An  energized  station  is  indicated  by  both  the  pilot  light 

ON  THE  PANEL  ASSOCIATED  WITH  THE  STATION,  AND  THE  PILOT 
LIGHT  LOCATED  AT  THE  STATION.  To  SWITCH  A  STATION  OFF, 

THROW  APPROPRIATE  CIRCUIT  BREAKER  ON  PANEL  TO  OFF, 

2.  IF  STATION  11  OR  12  ARE  TO  BE  USED,  MAKE  CERTAIN  THAT  THE 
TOGGLE  SWITCH  LABELED  "CONS,  POT.,"  "CONS,  CUR,"  IS  IN  THE 
JJP  OR  CONSTANT  POTENTIAL  POSITION. 

3.  Connect  battery  to  station. 

A.  If  njo  other  stations  are  in  operation  proceed  as  follows: 

1,  Read  battery  voltage  at  panel  by  depressing  voltmeter 
pushbutton  for  that  station, 

2,  Turn  power  supply  on  (See  V,  1.1).  Set  power  supply 

VOLTAGE  APPROXIMATELY  2  VOLTS  HIGHER  THAN  BATTERY  VOLT  AGE 
AS  MEASURED  IN  PRECEDING  STEP, 

3,  Turn  station  on  by  switching  station's  circuit  breaker  to 
on.  Measure  stations  current  and  voltage  and  adjust 

POWER  SUPPLY  OUTPUT  FOR  DESIRED  CHARGING  RATE. 

B.  If  other  CONSTANT  POTENTIAL  STATIONS  ARE  IN  USE  IT  IS  ONLY 
NECESSARY  TO  CONNECT  BATTERY  (STATION  OFF)  AND  TURN  STATION  ON. 

C.  IF  ONLY  OTHER  STATIONS  IN  OPERATION  ARE  *ON  CONSTANT  CURRENT 
CHARGING  PROCEED  AS  FOLLOWS; 

1.  Measure  charging  current  to  constant  current  stations  and 

NOTE, 

2.  Turn  constant  current  stations  off. 

3.  Connect  up  constant  potential  stations  as  in  1  to  3A 

ABOVE  . 

4.  Reset  constant  current  stations  to  charging  rate  as  noted 
ABOVE  BY  PROCEDURE  2,3. 
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2 .3  Constant  Current  Charging 

Only  station  11  and  12  are  equipped  for  constant  current  charging, 
6,  12,  18  or  24  volt  batteries  may  be  charged  by  this  method.  The 

FOLLOWING  PROCEDURE  SHOULD  BE  FOLLOWED! 

1.  Make  certain  station  is  off  before  connecting  battery. 

2.  Connect  battery  and  read  its  voltage  at  panel,. 

3.  Throw  toggle  switch  for  that  station  to  down,  or  constant 

current,  position. 

4.  Turn  rotary  switch  ’’SELECTOR,  BATTERY  VOLTAGE”  to  position 

as  indicated  by  voltage  reading  in  2  ABOVE, 

5.  Turn  "CURRENT  ADJ,”  potentiometer  maximum  counter-clockwise. 

6.  If  nc>  other  stations  are  in  use  turn  power  supply  on  (see 

V,  1.1)  and  adjust  output  to  approximately  24  volts.  If 

other  stations  are  in  use  do  not  adjust  power  supply  output. 

7.  Throw  station’s  circuit  breaker  to  on. 

8.  Depress  station’s  ammeter  pushbutton  to  read  current  to  station 
AND  TURN  "CURRENT  ADJ."  potentiometer  to  give  desired  charging 
rate.  If  no  other  stations  are  in  operation  the  voltage  control 

ON  POWER  SUPPLY  MAY  ALSO  BE  USED  TO  ADJUST  CHARGING  RATE. 

CAUTION:  DO  NOT  EXCEED  7  AMPERES  ON  CONSTANT  CURRENT  CHARGING, 
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V I .  MAINTENANCE  AND  REPAIR 


During  normal  life,  the  Battery  Charging  System  requires  no  maintenance 
other  than  that  listed  below,  and  the  care  afforded  to  similar  electronic 
equipment. 


1 ,  Blower-Motor  Lubrication 

The  following  lubrication  schedule  is  recommended  by  the  motor 
manufacturer: 


A.  10,000  HOURS  -  APPLY  six  drops  of  Windsorlube 

DIRECTLY  INTO  BEARINGS. 

B.  15,000  HOURS  -  APPLY  SIX  DROPS  OF  WlNDSORLUBE 

DIRECTLY  INTO  BEARINGS* 

C.  20,000  HOURS  -  BEARINGS  SHOULD  BE  REPLACED, 


2.  Output  Range  and  Line  Compensation  Adjustments  (Refer  to  Fig,  11) 

Before  shipment,  each  power  supply  is  tested  and  properly  adjusted  to 

MEET  SPECIFICATIONS.  THEREFORE,  IN  NORMAL  OPERATION,  NO  ADDITIONAL 
ADJUSTMENTS  SHOULD  BE  NECESSARY.  If  FOR  ANY  REASON  (ACCIDENT  OR 
REPLACEMENT  OF  COMPONENTS),  THE  UNIT  REQUIRES  ADJUSTMENT,  THE  PROCEDURE 
BELOW  SHOULD  BE  FOLLOWED. 

A.  Set  INPUT  VOLTAGE  TO  226  VOLTS  AND  LOAD  TO  100  AMPS.  AT  28V  DC 

b.  Adjust  R12  so  that  R15  (front  panel)  covers  output  range  from  24 
TO  32  VOLTS, 

c.  Set  output  to  28V  DC  at  100  amps,. 

d.  Adjust  R4  to  give  minimum  change  of  output  for  line  variations  from 
200  to  253  volts,  A  change  of  o/l#  «  .028  volts  is  sufficient  to 

INSURE  THAT  UNIT  WILL  MEET  TOTAL  REGULATION  SPECIFICATIONS. 

E.  IT  MAY  BE  NECESSARY  TO  RECENTER  RANGE  BY  READJUSTING  R12. 


FRONT  PANEL  OPEN  POSITION 
POWER  SUPPLY 

SIGNAL  CORP  BATTERY  CHARGER  PP238G 


SORENSEN  6,  COMPANY,  INC 


Pagc  23 
Al 4-3299 


Signal  Corps  Battery  Charging  System  -  Handbook 


PCVER  SUPPLY 

TROUBLE  SHOOTING  CHART 


SYMPTOM 

LIKELY  CAUSE 

PROCEDURE  FOR  REPAIR 

Input  Breaker  (CBl) 
(Tripping) 

Input  Connected  Wrong 

See  Starting-Up  Procedure 

Page  7 

Output  Shorted  (Output 
Breaker  CB2  Will  Also  Trip) 

Disconnect  Load.  Check  Load  For 
Short.  Check  C14  &.  R16  For  Short. 

Shorted  Bleeder  or  Filter 

Check  R17-20;  Check  C2-13 

i 

Shorted  Power  Rectifiers 

Check  Rectifier  Stack  CR3 

No  Output  Voltage 

Open  Power  or  F i lter 

Circuit 

Check  for  Open  Circuit  in  T1, 

LI -3,  L4,  Ammeter  Shunt,  CB2  Coil, 
or  Connecting  Wiring 

Poor  Regulation 

Failure  of  CR2 

Check  or  Replace  CR2 

Line  Compensation  Failure 

Check  R4  and  R5 

High  or  Low  Output 
Voltage 

Power  Reference  Failure 

Check  Power  Reference  per  Schematic, 
Typical  Causes  of  Failure  Q1-4, 

CR2 

High  Ripple 

F i lter  Circuit  Failure 

Check  Input  Line  Balance  and 

Mag  Amp  Balance.  Check  Capacitors 
C2-13  and  L4 

r* - 

L.  J 
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REPLACEMENT  PARTS  LIST 

Model  .f.0^.R...?9P.P^X..P!3.?.?86i.,(BATTERY  CHANGER  SECTION  I) 


Serial  No . to 


Schematic 

Symbol 

Description  s 

Sorensen 

Part  No, 

Specifications 

B1 

Blower  Assembly 

91-1113 

Sorensen  &  Co . 

Cl 

Capacitor,  5000  MFD, 10  VDC 

24-976 

Sangamo  DCM 

C2-C14 

Capacitor';  10;000  MFD;  50  VDC 

24-980 

Sangamo  DCM 

CB1 

Circuit  Breaker 

92-291 

Heinemann  Type  XAM446-MG3 

CB2 

Circuit  Breaker 

92-290 

Heinemann  Type  60-133-1MG4 

CR1 

Rectifier 

26-994 

We  st  i  N-GHouse  341 B 

CR2 

Recti  fi  er 

26-953 

1N467 

CR3 

Rectifi er  Assembly 

26-773 

International  Rectifier 
66-2634 

D31 

P I  LOT  L 1 GHT 

42-325 

General  Electric  NE-51 

Pi  lot  Li ght  Holder 

43-303 

MS3541 4-8 

FI 

Fuse;  2 A ;  250V 

42-860 

MS90078-1 1  -1 

F use  Holder 

42-488 

Bussman  Type  HKL-X 

LI  -  L3 

Magnetic  Amplifier 

126-2114 

Sorensen  &.  Co, 

L4 

F ! lter  Choke 

127-1490 

Sorensen  &  Co, 

Ml 

Ammeter 

94-417 

Sorensen  &.  Co. 

M2 

Voltmeter 

94-531 

Sorensen  &  Co. 

Q1 

Transi stor 

18-058 

2N174 

Q2-Q3 

Transi stor 

18-037 

2N43A 

Q4 

Transi stor 

18-015 

2N228 

R1 

Resistor;  3, IK  Ohms;  38  W 

28-485 

RW35G312 

R2 

Resistor  330  Ohms,  l/2  W 

28-186 

RC20GF331 K 

R3 

Resistor;  470  Ohms,  1 /z  W 

28-199 

RC20GF  471 K 

R4 

POTENTIOMETER;  2 . 5K  OHMS;  2  W 

29-154 

RA20LASB252A 

R5 

Resistor;  1 .5K  Ohms;  1 /2  W 

28-367 

RC20GF 1 52K 

l:or  Reference  see 
Schematic  drawing 

^200-2639 


RECOMMENDED  SPARE  PARTS:  Thli  instrument  normally  requires  the 
replacement  only  of  tubes,  pilot  larr-oi,  etc.  However  because  of  possible 
Improper  use,  and  bncau*.'  o'  th-  et'ein  of  high  ambmnts  and  of  certo'n 
kinds  of  tube  failures  (and  of  protective  devices)  wo  suggest  that  fhc 
parti  marked  with  an  asterisk  be  kept  on  hand,  PLEASE  REFERENCE  THE 
MODEL  AND  SERIAL  NUMBERS  ON  ALL  PARTS  ORDERS. 
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REPLACEMENT  PARTS  LIST 

Model  .P 9. w erS u ppuY  PP23 86  (Battery  Charger  Section  I) 
Serial  No . to . 


Schematic 

Symbol 

Description 

Sorensen 

Part  No. 

Specifications 

R6 

Resistor,  2.7  Ohms,  1W 

28-202 

RC32GF2R7K 

R7 

Resistor,  330  Ohms,  l/2  W 

28-186 

RC20GF331K 

R8 

Resistor,  22T  Ohms,  l/2  W 

28-198 

RC20GF220K 

R9,R10 

Thermal  Resistor 

28-825 

Keystone  Carbon  Co 
L6605-2 .5-59-S37 

R11 

Resistor,  27  Ohms,  l/2  W 

28-200 

RC20GF270K 

R12 

Potentiometer,  20  Ohms,  2  W 

29-153 

RA20LASB200A 

R13 

Resistor,  68  Ohms,  t/2  W 

28-197 

RC20GF680K 

R14 

Resistor,  220  Ohms,  1  W 

28-337 

RC32GF221 K 

R15 

Potentiometer,  SSO.iQhms,  2  W 

29-152 

RA20NASD351 A 

R16 

Resistor,  25  Ohms,  60  W 

28-484 

RW36G250 

R17-R20 

Resistor,  4.  Ohms,  400  W 

28-489 

Sorensen  &.  Co. 

R21 

Shunt  ,  200  Amps 

94-022 

Weston  9992 

SI 

Switch,  D.P.S.T.  NO. 

45-062 

Sorensen  &.  Co, 

T1 

Transformer 

126-2112 

Sorensen  &.  Co. 

T2 

Transformer,  Reference 

126-2113 

Sorensen  &  Co. 

For  Reference  set 
Schematic  drawing 
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RECOMMENDED  SPARE  PARTS:  This  Initrument  normally  require!  the 
replacement  only  of  tubes,  pilot  lamps,  etc.  However  bocauto  of  poulblti 
improper  us*,  ond  becans.*  or  IP  *  ejects  of  high  ambients  end  of  certain 
kinds  of  tube  failures  (and  of  protective  devices)  w*  suggest  that  the 
parts  marked  wHh  an  asterisk  be  kept  on  hand,  PLEASE  REFERENCE  THE 
MODEL  AND  SERIAL  NUMBERS  ON  AIL  PARTS  ORDERS, 
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SORENSEN  &  COMPANY,  INC.,  375  Petit-field  Avonuo,  Stamford,  Conn. 

REPLACEMENT  PARTS  LIST 

Modol  ...Distribution ..Panel  (Battery  Charger  Section  XL) 

Series!  No . to . 


Schematic 

Description 

Sorensen 

Specifications 

Symbol 

Part  No, 

CB1-CB12 

Circuit  Breaker 

92-289 

Heinemann  Type  AM12-MG3 

DS1-DS12 

Pilot  Light 

42-326 

Sorensen  &  Co. 

Pilot  Li ght  Holder 

43-304 

Diaught  17410-931 

DS13-DS24 

Pilot  Light 

42-323 

G.E.  313 

Pi  lot  Light  Holder 

43-305 

LH60PR4 

DS25 

Lamp  F l xture 

190-2475 

Sorensen  &.  Co. 

Ml 

Ammeter 

94-418 

Sorensen  &  Co. 

M2 

Voltmeter 

94-531 

Sorensen  &  Co. 

R1-R12 

Shunt,  50  A 

94-019 

Weston  9992 

R13-R24 

Resistor,  0,2  Ohms,  225  V/ 

28-488 

Ward  Leonard  6-1/8"  Ribflex 

R25 

Potentiometer,  2  Ohms 

29-155 

RP301FD2R0KK 

R26-R28 

Resistor,  1  Ohm,  78  W 

28-486 

RW37G1R0 

R29 

Potentiometer,  2  Ohms 

29-155 

RP301FD2R0KK 

R30-R32 

Resistor,  1  Ohm,  78  W 

28-486 

RW37G1R0 

SI  -Si  2 

Switch  D.P.S.T,  NlO. 

45-060 

Sorensen  &  Co* 

S13-S22 

Switch  D,P.S.T.  N,0. 

45-061 

Sorensen  &  Co, 

S25,S26 

Switch,  Toggle 

45-142 

MS35058-23 

S27,S28 

Switch,  Rotary 

45-236 

Sorensen  &.  Co, 

S29 

Switch,  Toggle 

45-141 

MS35059-23 

S23-S24 

Switch,  D.P, D*T.  (Two  "Break  Makes") 

45-066 

Sorensen  &  Co, 

For  Reference  see 
Schematic  drawing 
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RECOMMENDED  SPARE  PABTSi  This  Imtrumont  normally  roqulros  tho 
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kinds  of  tube  failures  {and  of  protective  devices)  wo  suggest  that  the 
part*  marked  with  an  asterisk  bo  kept  on  hand.  PlEASE  REFERENCE  THE 
MODEL  AND  SERIAL  NUMBERS  ON  ALL  PARTS  ORDERS. 
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APPENDIX  C 

COST  REDUCTION  SUGGESTIONS 


Following  is  a  list  of  suggestions  for  reducing  the  cost  of  manufacturing  the 
Battery  Charging  System. 

A.  Eliminate  or  lessen  the  military  requirements  on  certain  parts  and  materials* 

In  particular,  the  ruggedized  high  shock  meters  could  be  replaced  by  standard 
military  components,  or  commercial  units.  Also,  commercial  structural 
materials,  especially  steels,  have  a  definite  advantage  over  their  military 
counterparts  in  terms  of  price  and  availability. 

B*  Completely  eliminate  military  specification  on  all  parts,  materials  and 

PROCESSES. 

C.  Eliminate  writing  table  and  lamp* 

D.  Replace  individual  voltmeter  and  ammeter  switches  with  one  rotary  type  switch* 

E*  Eliminate  pilot  lights  on  control  panel;  stations  being  energized  are 
sufficiently  marked  by  position  of  circuit  breaker  switches, 

F.  Further  consideration  could  be  given  to  making  the  wound  components  Class  5 
(130°C  max.)*  This  would  mean  an  increase  in  the  size  of  the  components 
unless  the  maximum  ambient  temperature  was  reduced.  A  reduction  of  10°C 

WOULD  BE  SUFFICIENT. 

G.  Any  lessening  of  the  vibration  requirements,  temperature  and  humidity  extremes, 
or  regulation  and  ripple  specifications,  would  result  in  the  lower  cost  of 
components  and  parts. 

H.  Any  reduction  in  the  output  power  of  the  supply  would  save  on  the  expensive 
items  such  as  input  transformer,  magamps,  filter  choke,  and  rectifiers.  Is 
it  necessary  to  have  facilities  for  charging  12  batteries  simultaneously? 

I.  Eliminate  battery  stations,  and  widen  the  control  panel,  or  increase  it  in 

DEPTH,  TO  ACCOMMODATE  THE  BATTERY  CHARGING  OUTPUT  TERMINALS  (l2  SETs)  .  THE 

ADVANTAGES  to  BE  GAINED,  OTHER  THAN  COST  REDUCTION,  ARE  A  SAVING  IN  FLOOR 
space  AND  THE  FACT  THAT  THE  UNIT  COULD  BE  DESIGNED  TO  FIT  AGAINST  A  WALL. 

J.  Limit  the  system  to  battery  charging.  This  would  reduce,  or  eliminate,  the 

REGULATION  AND  RIPPLE  REDUCTION  REQUIREMENTS.  FURTHERMORE,  THE  POWER  SUPPLY 
NEED  NOT  BE  PORTABLE  AND  THEREFORE,  THE  SUPPLY  AND  CONTROL  PANEL  COULD  BE 
COMBINED,  The  RESULT  WOULD  BE  A  CONSIDERABLE  SAVING  IN  BOTH  SIZE  AND  COST. 

K.  Use  Sorensen  standard  power  supply  Model  MA28-250. 


